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Abstract 
This research was conducted to evaluate the effects of four main usable pesticides in Kurdistan 
Region – Iraq on plant growth promoting and drought resistance bacteria Pseudomonas putida and 
transconjugant Pseudomonas fluorescens contained 1-aminocyclopropane-1- carboxylate (ACC) 
deaminase gene. The most usable pesticides in the region were Glyphosate, Topsin, Vantex and 
Velum prime used at the recommended concentrations in bacterial culture media and soil. 
According to the results, herbicide Glyphosate did not have notable effects on the both bacterial 
numbers and viability of 1-aminocyclopropane-1- carboxylate (ACC) deaminase gene in the 
genomes of Pseudomonas putida and transconjugant Pseudomonas fluorescens. However, other 
pesticides were exhibited inhibitory effects on the growth of tested bacteria in culture media and 
soil. Furthermore, negative effects were revealed on the viability of the gene after treating with 
Vantex and Velum prime pesticides in culture media. While, there was the gene viability in 
Pseudomonas putida genomes treated with Topsin in culture media and soil. The results illustrated 
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that Glyphosate does not have significant effects on Pseudomonas putida and transconjugant 
Pseudomonas fluorescens bacterial communities and genomes, whereas the other three pesticides 
have negative impacts on the both bacterial communities and both bacterial genomes especially 
Vantex and Velum prime. Therefore, it has been suggested that using Topsin, Vantex and Velum 
prime pesticides should be limited or avoided for controlling plant fungi, insects and nematodes 
respectively.    
Keywords: Pseudomonas putida strain UW4, Transconjugant Pseudomonas fluorescens, 
Pesticides, Bacterial numbers, ACC deaminase gene.  
 
Introduction:- 
 Pesticides are the most usable chemical substances in the Kurdistan region - Iraq that are used 
widely for controlling unwanted weeds, plant pathogens and pests. Pesticide is a combination of 
chemical substances which are mostly included fungicides, insecticides, nematocides and 
herbicides (Grube et al., 2011). It is mentioned that approximately 80% of the chemical substances 
in the world are utilized as pesticides for controlling some agro-pathogens and pests (Muturi et al., 
2017). In several researches illustrated that soil microorganisms are able to grow in the presence 
of many pesticides. The process of catabolism and detoxification metabolism may happen during 
the utilization of the pesticide as a carbon and energy sources by soil microorganisms. However, 
they are probably toxic substances for the microbial habitats due to the impacts directly or 
indirectly on the structures and functions of the some microorganisms in the soil (Grube et al., 
2011). Although, some bacterial species may use pesticides as sources of nutrients for their growth 
and replication, there are huge of bacterial species that are susceptible, and probably manipulated 
their genomes or decimated by pesticides (Russell et al., 2011). AL-Ani et al., (2019), 
demonstrated that Glyphosate, Malathion and Alphacypermethrin pesticides had negative impacts 
on the reducing of the microbial activities and numbers of soil bacteria, fungi and actinomycetes.  
It is highlighted that some pesticides in high doses can cause free radicals to produce reactive 
oxygen species (ROS), which have ability to damage cellular pathways through inactivation 
different receptors and enzymes. Additionally, pesticides can promote DNA adducts, oxidative 
DNA damage and dsDNA or ssDNA fractures (Kaur and Kaur, 2018). Pesticides also increase the 
mutation of bacterial genomes, as pesticides enhance bacterial stresses and caused acquisition of 
mobile gene elements through different mechanisms such as; inhibition of outer membrane pores, 
activation of efflux pumps and gene mutation induction (Qiu et al., 2022).   
There are some species of Pseudomonas contain effective 1-aminociclopropane-1-carboxylase 
(ACC) deaminase enzyme. This enzyme has ability to modify and break ACC into ammonia and 
α-ketobutyrate (Zarei et al., 2020). Therefore, ACC deaminase enzyme is one of the important 
enzymes that are capable of decreasing ethylene of plants under biotic and abiotic stress conditions. 
Thus, treating plants with the bacteria that express this enzyme is the most efficient mechanisms 
to promote plant tolerance to dissociation stress. Moreover, this enzyme has ability to induce plant 
roots to be taller, and to be more resistant to growth inhibition by a variety of ethylene-inducing 
stresses (Mahmud and Khudhur, 2022).  
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The ACC deaminase gene (acdS) is one of the integrative and conjugative gene elements, and it 
has been used recently in horizontal conjugation gene transfer techniques (Mahmud, 2022). 
Pseudomonas putida strain UW4 contain the most effective ACC deaminase gene compared with 
other strains of bacteria. Thus, ACC deaminase gene in this strain has been transferred into 
Pseudomonas fluorescens by conjugation and molecular cloning techniques to generate 
transconjugant Pseudomonas fluorescens, and then used as biofertilizers to increase drought 
resistance of treated wheat crops (Mahmud, 2022). 
This study aimed, therefore, to evaluate the effects of four main usable pesticides in Kurdistan 
Region – Iraq on plant growth promoting and drought resistance bacteria (P. putida and 
transconjugant P. fluorescens) contained 1-aminocyclopropane-1- carboxylate (ACC) deaminase 
gene. The most usable pesticides in the region were Glyphosate, Topsin , Vantex and Velum prime 
used at the three different concentrations in culture media and soil to evaluate the impacts of the 
mentioned pesticides on the selected bacterial numbers and availability of ACC deaminase gene 
(acdS) in the bacterial genomes.   
Materials and Methods: 
Preparation of bacteria and pesticides  
Both bacteria in this study (P. putida strain UW4 and transconjugant P. fluorescens) contained 
ACC deaminase genes (acds) were provided from a PhD. research study. They were identified by 
VITEK-2 compact and molecular identification techniques (Mahmud, 2022). The pesticides which 
were used in this study were fungicide (Topsin), insecticide (Vantex), nematocide (Velum prime) 
and herbicide (Glyphosate). 
Screening the effects of the pesticides on the bacteria in culture media 
The provided bacteria were re-cultured in nutrient agar media at 28°C ±2 for 48 hours to confirm 
viability, and then single colony of each bacterium was cultured into 10mL of liquid broth media 
for serial dilution and bacterial plate counting methods. Three different concentrations were 
prepared from each pesticides based on the concentrations that were used regularly in the Kurdistan 
region by farmers. The concentrations were 5μL, 10μL and 15μL of each pesticide in 10mL of 
cultured liquid broth media that contained approximately (6.9 ×106 CFU/mL) of the bacteria. Serial 
dilution and bacterial plate counting methods were performed for each treatment to re-count the 
numbers of viable bacteria after treating with the pesticides, and compared with the controls for 
revealing the effects of the pesticides on the bacterial numbers in culture media.  
Screening the effects of pesticides on the bacteria in soil 
Three different concentrations of each pesticide were prepared which were 5μL, 10μL and 15μL 
of each pesticide in 10mL of sterilized D.W. The growth bacteria from the stock culture were re-
numbered to around (6.4 ×106 CFU/mL), and mixed in sterilized petri dishes contained 15g of 
sterilized SULIFLOR pittmoss soil which is rich in nutrient. Then, the prepared concentrations of 
the pesticides were disseminated on the prepared petri dishes except for the controls. All treatments 
were incubated at 30°C ±2 for three days. Then, isolation, purification and screening the numbers 
of viable bacteria were conducted in each treatment by serial dilution and bacterial plate counting 
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techniques. Statistically, the data were analyzed to know the effects of the pesticides on the number 
of the bacteria in soil. 
ACC deaminase gene viability screening  
In order to know the availability of ACC deaminase genes in the genomes of all treated bacteria 
with pesticides, the viability of treated bacteria in both experiments (treated bacteria with the 
pesticides in culture media and soil) were cultured in liquid broth media at 28°C ±2 for 48 hours. 
The genomes of the growth bacteria were extracted according to the PureLink Genomic DNA 
procedures.  Quantity and quality of the extracted genomes were confirmed via NanoDrop 
technique.  
The primers for the ACC deaminase gene in the bacteria were selected and designed by [National 
Center for Biotechnology Information (NCBI). The primers were; ACC-Forword-
5’CGCGCGCATATGATGAACCTGAATCGTTTTGAACGTTATCCG-3’; ACC-Reverse-5’-
GCGATACTCGAGTCAGCCGTTGCGAAACAAGAAGCT-3’, and the binding sizes were 
(1017bp).  PCR technique was run to bind and amplify the genes in the isolated bacterial genomes. 
20μL reactions for PCR were prepared, and the annealing temperature for binding primers with 
ACC deaminase gene was selected based on the primer melting temperature (Tm). The protocol 
was consisted from three stages. The first stage was 95ºC for 3 minutes as initial denaturation. The 
second stage consisted from 95ºC for 30 seconds as denaturation stage, 57ºC for 30 seconds as 
annealing stage. The third stage was 72ºC for 30 seconds as elongation stage. Eventually, final 
elongation was conducted at 72ºC for 3 minutes, and the samples were kept at 4ºC until needed.  
1% '(w/v)' agarose gel was prepared and run to visualize the binding gene sizes. Amplified ACC 
deaminase gene was provided and used as positive controls during running agarose gel to compare 
amplified gene sizes (Mahmud and Khudhur, 2022).  
Results and Discussions: 
The effects of Glyphosate, Topsin, Vantex and Velum prime pesticides on the numbers of P. putida 
and transconjugant P. fluorescens were evaluated in culture media and soil. The results showed 
that the selected herbicide (Glyphosate) had no significant effects on tested bacterial counts in 
culture media and soil compared with controls (Figures 1 and 2). The reasons behind of the above 
results might be due to consume Glyphosate as a nutrient for growth by some soil bacteria, as it 
was mentioned that some species of Pseudomonas sp. have ability to degrade Glyphosate and used 
them in bioremediation of soil that polluted by this herbicide (Dick and Quinn, 1995; Firdous et 
al., 2020). Further, it was highlighted that Pseudomonas sp. strain CMA 6.9 was isolated from a 
tank that contained herbicide, and this could be due to its metabolic and physiological versatility 
(Melo et al., 2017; Lima et al., 2020). 
The results of treating both bacteria with fungicide (Topsin) in culture media with different 
concentrations illustrated significant effects on the bacterial numbers, and their growth were 
sharply decreased compared to controls especially in 15μL/10mL concentrations (Figure 1). This 
result was correlated with the results of using fungicide Topsin on E. coli counts, as the bacterial 
numbers were reduced after treating with this fungicide in three different concentrations 
(Aldehamee, 2015). Our results also are supported by Gallori et al., (1991), Revellin et al., (1993), 
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Taiwo and Oso, (1997) and Dunfield et al., (2000) who reported that bacterial growth inhibition 
by fungicides was due to agrochemicals, and they contain similar active ingredient that reduced 
the numbers of  bacteria. Similar trend was reported by (Mårtensson, 1992) who observed that the 
fungicide treatment decreased the numbers of soil bacteria.  
Studied bacterial counts which were treated with insecticide (Vantex) in culture media were 
reduced gradually from high to low according to the Vantex concentrations, and overall decreased 
significantly compared with controls (Figure 1). Additionally, few bacterial colonies of both 
bacteria which were treated with Vantex in the soil were noticed. However, they were out of range 
(30-300) bacterial colonies based on the bacterial plate counting methods (Figure 2) (Reasoner, 
2004). Therefore, they were not counted as bacterial growth numbers. The results of this study are 
in agreement with previous studies, that is, the analyzed strains of Pseudomonas are sensitive to 
insecticides and inhibition of growth observed when compared with the result of herbicides 
application. Additionally, it was found that there were variable effects of insecticides on the growth 
of Pseudomonas bacteria (Sudhakar et al., 2000).  
Bacterial numbers which treated with nematocide (Velum prime) in culture media were dropped 
down sharply in all concentrations compared with controls (Figure 1). Furthermore, there were out 
of range (30-300) of bacterial colonies from both bacteria which were treated with this nematocide 
in all concentrations in soil (Figure 2). These results indicated that this pesticides had effects on 
the bacterial growth, as pesticides are able to inhibit cell division through interrupting tubulin and 
microtubules that detaches cell chromosomes during cells division, and this could be a potential 
fact for the bacterial binary fission due to have some similarities between prokaryotic and 
eukaryotic cell divisions (Stenersen, 2004; Eswara and Ramamurthi, 2017).   
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Figure 1: Culture media treatments of both bacteria treated with three different 
concentrations of the pesticides. Numbers of bacteria in different concentrations CFU/mL.  
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Figure 2: Soil treatments of both bacteria treated with three different concentrations of the 
pesticides. Numbers of bacteria in different concentrations CFU/mL. 
 
To evaluate the effects of the pesticides on the viability of ACC deaminase gene in both bacteria, 
molecular identification techniques were carried out. The expected size of ACC deaminase gene 
is approximately 1017bp based on the used primers. Both bacteria which were treated with 
Glyphosate had ACC deaminase gene yet in their genomes especially in culture media treatments, 
as the binding sizes in all concentrations were almost 1017bp (Figure 3, A). In addition, all 
treatments of both bacteria with Glyphosate in soil had ACC deamianse gene binding size except 
transconjugant P. fluorescens + Glyphosate treatment in concentration 15μL/10mL (Figure 3, B).  
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Figure 3: 1% '(w/v)'agarose gel with Ethidium bromide for visualizing ACC deaminase gene. 
A-Lane 1, 100bp DNA Ladder. A-Lanes 2, 3 and 4, PCR products of ACC deaminase gene 
from P. putida genomes treated in culture media with Glyphosate in 5μL, 10μL and 15μL / 
(10mL) concentrations respectively. A-Lanes 5, 6 and 7, PCR products of ACC deaminase 
gene from transconjugant P. fluorescens genomes treated in culture media with Glyphosate 
in 5μL, 10μL and 15μL / (10mL) concentrations respectively. A-Lanes 8 and 9, PCR products 
of ACC deaminase genes from controls of P. putida and transconjugant P. fluorescens 
genomes respectively in culture media. B- Lane 1, 100bp DNA Ladder. B-Lanes 2, 3 and 4, 
PCR products of ACC deaminase genes from P. putida treated in soil with Glyphosate in 
5μL, 10μL and 15μL / (10mL) concentrations respectively. B-Lanes 5, 6 and 7, PCR products 
of ACC deaminase gene from transconjugant P. fluorescens genomes treated in soil with 
Glyphosate in 5μL, 10μL and 15μL / (10mL) concentrations respectively. B-Lanes 8 and 9, 
PCR products of ACC deaminase genes from controls of P. putida and transconjugant P. 
fluorescens genomes respectively soil. 
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These results demonstrated that Glyphosate does not have effects on the studied bacterial genomes 
in culture media, whereas in high doses might have effects on the genomes of transconjugant P. 
fluorescens in soil. This could be due to the lack of sufficient nutrients in soil compared with 
culture media, as bacterial DNA replications and transcription processes require sufficient 
vitamins and minerals (Hibberd et al., 2017). Further, cell exposing to high doses of chemical 
substances can cause genome instability and epigenetic modulation with aiding of some 
environmental factors (Ren et al., 2017). Specifically, it was mentioned that Glyphosate had effects 
on promoting DNA damage in leucocytes such as PBMCs and cause DNA methylation in human 
cells in high doses (Kwiatkowska et al., 2017). Therefore, this result concluded that Glyphosate 
may not have severe effects on the bacterial genomes in culture media, whereas there is possibility 
to have effects on bacterial genomes in high concentrations especially in soil.  
Effects of fungicide Topsin on the availability of ACC deaminase gene in both bacterial genomes 
were evaluated in culture media and soil. The results illustrated that there were no effects of this 
fungicide on the ACC deaminase gene availability in all concentration treatments of P.putida 
genomes in culture media (Figure 4, A). While, ACC deaminase gene were unavailable in all 
concentration treatments of transconjugant P. fluorescens genomes treated with Topsin in culture 
media (Figure 4, A). There were ACC deaminase gene in the genomes of P.putida treated in soil 
with Topsin in concentrations (5μL/10mL and 10μL/10mL) (Figure 4, B). However, there was out 
of range of P.putida colony growth in the concentrations (15μL/10mL) treated with Topsin in soil 
in order to be ensured the availability of ACC deaminase gene (Figure 4, B). The genomes of 
transconjugant P. fluorescens treated with Topsin in soil were examined for viability of ACC 
deaminase gene. There was viability of this gene in concentration (5μL/10mL) (Figure 4, B). 
While, there were no binding gene sizes in concentrations (10μL/10mL and 15μL/10mL) (Figure 
4, B). 
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Figure 4: 1% '(w/v)'agarose gel with Ethidium bromide for visualizing ACC deaminase gene. 
A-Lane 1, 100bp DNA Ladder. A-Lanes 2, 3 and 4, PCR products of ACC deaminase gene 
from  P. putida genomes treated in culture media with Topsin in 5μL, 10μL and 15μL / 
(10mL) concentrations respectively. A-Lanes 5, 6 and 7, PCR products of ACC deaminase 
gene from transconjugant P. fluorescens genomes treated in culture media with Topsin in 
5μL, 10μL and 15μL / (10mL) concentrations respectively. A-Lanes 8 and 9, PCR products 
of ACC deaminase genes from controls of P. putida and transconjugant P. fluorescens 
genomes respectively in culture media. B- Lane 1, 100bp DNA Ladder. B-Lanes 2 and 3, 
PCR products of ACC deaminase genes from  P. putida treated in soil with Topsin in 5μL 
and 10μL / (10mL) concentrations respectively. B-Lanes 5, 6 and 7, PCR products of ACC 
deaminase gene from transconjugant P. fluorescens genomes treated in soil with Topsin in 
5μL, 10μL and 15μL / (10mL) concentrations respectively. B-Lanes 8 and 9, PCR products 
of ACC deaminase genes from controls of P. putida and transconjugant P. fluorescens 
genomes respectively in soil. 
According to the fungicide Topsin treatments, the ACC deaminase gene in the genomes of both 
bacteria was affected especially in transconjugant P. fluorescens treatments. This could be due to 
the type of fungicide which is systematic. This type of fungicide is absorbable chemical substances 
that has ability to enter tissues and cells, and interact with the genomes of absorbed cells (Keon et 
al., 1991). Additionally, Topsin fungicide is capable of interacting with plant cuticle and cell walls 
physiologically and genetically as well as there are few similarities physiologically between plant 
and bacteria cell walls. Therefore, this is a potential that this fungicide affected bacterial cells 
genetically and physiologically through cell walls especially transconjugant P. fluorescens, as it 
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was manipulated previously through entering ACC deaminase gene by horizontal conjugation gene 
transfer techniques (Cools and Hammond‐Kosack, 2013; Szymańska-Chargot et al., 2011). 
As has been mentioned from figure (2), there were out of range of both bacterial growth colonies 
treated with insecticide (Vantex) and nematocide (Velum prime) in soil. Hence, molecular 
identification of ACC deaminase gene availability was only implemented for the bacteria that were 
treated with both pesticides in culture media. The results indicated that there was ACC deaminase 
gene availability in the genomes of P. putida treated with Vantex and Velum prime only in 
concentration (5μL/10mL) (Figure 5, A and B). Additionally, there was ACC deaminase gene 
availability in the genome of transconjugant P. fluorescens treated with Velum prime only in 
concentration (5μL/10mL) (Figure 5, A and B).   

 
Figure 5: 1% '(w/v)'agarose gel with Ethidium bromide for visualizing ACC deaminase gene. 
A-Lane 1, 100bp DNA Ladder. A-Lanes 2, 3 and 4, PCR products of ACC deaminase gene 
from  P. putida genomes treated in culture media with Vantex in 5μL, 10μL and 15μL / 
(10mL) concentrations respectively. A-Lanes 5, 6 and 7, PCR products of ACC deaminase 
gene from transconjugant P. fluorescens genomes treated in culture media with Vantex in 
5μL, 10μL and 15μL / (10mL) concentrations respectively. A-Lanes 8 and 9, PCR products 
of ACC deaminase genes from controls of P. putida and transconjugant P. fluorescens 
genomes respectively in culture media. B- Lane 1, 100bp DNA Ladder. B-Lanes 2, 3 and 4, 
PCR products of ACC deaminase genes from  P. putida treated culture media with Velum 
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prime in 5μL and 10μL, 15μL / (10mL) concentrations respectively. B-Lanes 5, 6 and 7, PCR 
products of ACC deaminase gene from transconjugant P. fluorescens genomes treated in 
culture media with Velum prime in 5μL, 10μL and 15μL / (10mL) concentrations 
respectively. B-Lane 8, PCR products of ACC deaminase gene which was provided from a 
PhD. research study used as a positive control.  
According to the results of Vantex and Velum prime pesticide treatments, there were intensive 
mutations in both bacterial genomes, and therefore, there were unavailable of ACC deaminase 
genes in the most of the treatments. The reasons behind of that are most pesticides have ability to 
affect non-target organisms, and consequently they cause the production of free radical (ROS) 
(Pandey et al., 2011). ROS is capable of fragmentations and oxidation DNA and proteins as well 
as DNA damaging as a consequence. Thus, DNA damaging causes to occur DNA mutation, and 
different alterations on the nucleotide bases will be occurred as well such as; 5,6-
dihydroxycytosine, thymine glycol, 2,6-diamino-4-hydroxy-5-formamidopyrimidine and 8-
hydroxyguanine (Evans et al., 2004). Furthermore, it was mentioned that pesticides have ability to 
impact on the molecular and biochemical actions of the cells which cause to prevent DNA repair 
enzyme activations and eventually decreasing the ability of DNA repairing process (Shimura‐
Miura et al., 1999). Therefore, treated bacterial genomes were probably mutated by Vantex and 
Velum prime pesticides, and subsequently ACC deaminase genes were unavailable in their 
genomes.  
Conclusion 
It is concluded from this study that the pesticides have differential effects on the growth of 
Pseudomonas sp., and their action vary at different sites. Indication has been observed that the 
pesticides (Topsin, Vantex and Velum prime) which were under laboratory and field condition 
possibly due to its high toxic nature reduced the population of these bacteria. Their direct effect 
on studied bacteria was a decrease in the number of viable bacterial population, and high indirect 
effect was a reduction in the availability of ACC deaminase gene in studied P. putida and 
tranconjugant P. fluorescens species. While, the other pesticide (Glyphosate) did not illustrate any 
observable effects on the viable counts of the tested bacteria, whereas in high doses might have 
effects on the genomes of transconjugant P. fluorescens in soil.   
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